Introduction
There is evidence that provider and systems-based factors influence surgical outcomes of intraoperative and postoperative morbidity (Akingba et al., 2008; Kelz et al., 2009; Lonze et al., 2010; McKenney et al., 2009; Prystowsky et al., 2002; Wright et al., 2006; Wurtz et al., 2001 ). Surgical complication rates are becoming quality indicators, with a call for increased data collection and greater transparency of provider-specific metric analysis (Pierce and Allen, 2015) . In cancer care, these outcomes are especially important because prolonged recovery from surgery may result in delays and omissions of recommended adjuvant therapy (Wright et al., 2011b) .
Systematic factors including surgical case start time and length (Akingba et al., 2008; Kelz et al., 2009; Lonze et al., 2010; Wright et al., 2011b) , case order (Gruskay et al., 2012) , surgeon volume (Finks et al., 2011; McArdle and Hole, 2004; Prystowsky, 2005) , and personnel handoffs (Talsma et al., 2013) have been associated with postoperative outcomes. Later, surgical case start times have been correlated with increased overall perioperative morbidity (Kelz et al., 2009) , with greatest association with wound complications and infections (Lonze et al., 2010; Wright et al., 2011b) . Within gynecological cancer, longer operative time was associated with 30-day postoperative complications after laparoscopic and robotic hysterectomies (Catanzarite et al., 2015) . Similarly, higher surgical case order in a given operating room was associated with increased infection rates in patients that underwent lumbar decompression procedures, with an odds ratio (OR) of 1.88 (95% CI: 1.2-2.9) (Gruskay et al., 2012) . A single study addressing surgical start time found an association between early morning start time and increased extent of optimal surgical tumor reduction in ovarian cancer debulking procedures (Tanner et al., 2012) . Surgeon case volume has been linked to increased perioperative morbidity in the performance of hysterectomy for endometrial and cervical cancers (Wright et al., 2011a (Wright et al., , 2011b . After a comprehensive literature review, we found no other research focused on other Keywords surgical complications personnel staffing and scheduling risk factors gynecologic oncology Abstract: There is evidence that systems-based factors influence surgical outcomes of intraoperative and postoperative morbidity. The goal of this study was to provide an exploratory analysis of systems-based variables and their associations with surgical outcomes in gynecologic oncology patients. We merged electronic records from operating room software with billing claims from major surgeries performed from 2011 to 2013, at a tertiary care academic medical center. Univariate and bivariate analyses were performed to evaluate the relationship between baseline demographic and clinical covariates (age, comorbidity, procedure type, and surgeon volume), the main exposure variables (case start time, case order, and personnel handoffs), and the primary outcome of 30-day postoperative complications. Multiple logistic regression models were created to analyze the contributing effect of each systemic variable on postoperative complications. The overall rate of postoperative complications among patients was 31.4% (n = 182). Although traditional risk factors of comorbidity, procedure type, and case length were the strongest primary drivers of complication risk, there was a significant relationship between handoffs among surgical scrub technicians and postoperative complications (odds ratio: 2.12; 95% CI: 1.00-4.47). As a novel finding in surgical quality and safety research, this supports greater efforts into integrating key staffing information into studies of systemic variables and surgical outcomes.
systems-based factors and surgical outcomes in gynecologic oncology.
Operating room teams consist of circulating nursing, scrub technicians, anesthesia personnel, and the surgical team. The absolute number of staff in a surgical case has been weakly correlated with postoperative infection (Talsma et al., 2013) . Change in healthcare personnel (handoffs) during the procedures and the correlation with outcomes has not been explicitly studied.
The goal of this study is to provide an exploratory analysis of systems-based variables and their associations with surgical outcomes in gynecologic oncology patients. Identification of the factors that have impact on surgical risk will provide modifiable targets to continue to improve surgical care and outcomes across many cancer and surgical disciplines.
Methods

Study Design and Data Collection
This was a single-institution retrospective cohort study of major gynecologic oncology procedures at a tertiary care academic center, from October 2011 to October 2013 using merged data sets from operating room documentation and billing claims. This was approved by the North Carolina Institutional Review Board 13-3390. All cases performed by gynecologic oncologists were identified by the electronic operating room software records (n = 1,861) and a third (N = 666) were selected at random for analysis. The data were limited to major cases by identification of current procedural terminology coding (see Appendix 1 "list of codes," Supplemental Digital Content 2, http:// links.lww.com/JHQ/A13). In addition, all cases with duration ,30 minutes were excluded. Cases were then linked to inpatient and outpatient billing claims by the Carolina Data Warehouse for Health, a central data repository containing clinical, research, and administrative data sourced from the UNC Health Care system. A merged database was then created linking each case to all billing claims filed between 0 and 30 days after the procedure.
Systemic variables of case type, case start time, case length, case order of the day, personnel handoffs, and anesthesia team staffing were included in each case record. Current procedural terminology coding was used to separate case types into two groups: laparotomy and minimally invasive surgery. Case start time was dichotomized into AM versus PM by those before and after 12:00. Case order of the day was limited to order within a specific operating room and not by surgeon. The number of personnel handoffs was defined as 1 minus the number of personnel attributed to the specific role (i.e., scrub technician) for the surgical case record. High volume surgeons were defined as those with .100 cases per year within the data set. Patient age was also included in each case record. The claims' data were then used to identify baseline comorbidity and the occurrence of postoperative complications in the 30-day postoperative window. All diagnostic codes filed within the 30-day window, in both inpatient and outpatient settings, were assessed. Disease conditions (e.g., diabetes, hypertension, and obesity) were delineated from postoperative morbidity (e.g., wound infection and anemia) by International Classification of Disease-9 (ICD-9) code description. ICD-9 codes that were ambiguous (e.g., atrial fibrillation that could be present at baseline or newly occurring postoperatively) were adjudicated with medical record review by an independent reviewer (B.-B.G., Acknowledgments) not privy to the outcome data. There were 207 of such cases, for which 148 were classified as comorbidity and 59 as postoperative complications.
Statistical Analysis
Univariate and bivariate analyses using Student's t-test and x 2 tests were performed to evaluate the relationship between covariates, the main exposure variables, and the primary outcome of postoperative complications. Covariates included age, case length, procedure type, 
Results
The study population included 666 patients, 579 of whom had major procedures over 30 minutes in length. Of these, 47% (n = 272) were done by laparotomy, 53% (n = 303) were minimally invasive surgeries, and 1% (n = 4) were groin surgery. Procedures included major gynecologic and gynecologic oncology cases (see Table 1 , Supplemental Digital Content 1, http://links.lww.com/JHQ/A13). Mean case length was 146 minutes with a range from 30 to 508 minutes. The median age of subjects was 60.2 years old (SD 14), with a range of 18-91. The median number of comorbidities per patient was 4 (interquartile range: 2-6) with cardiac conditions, neuropsychiatric diagnoses, and diabetes being most common (see Table 2 , Supplemental Digital Content 1, http://links.lww.com/JHQ/A13). There were 11 surgeons, four of whom were high volume and performed 371 (64%) of the cases. Nearly two thirds of cases were first starts (n = 385, 66%). The majority of cases had a single associated anesthesiologist (n = 405, 70%), and 53% of cases had at least 1 scrub tech change (Table 1) .
The overall rate of postoperative complications among patients was 31.4% (n = 182).Of the 182 patients with complications, 84 (46%) had 1 complication reported, 63 (35%) had two, and 35 (19%) had three or more complication codes. Complications included surgical and medical morbidity (Table 2 ). There were notable differences in characteristics between patients who did and who did not experience postoperative complications on bivariate analysis. Those with postoperative complications had longer mean case length (163 vs. 146 minutes, p = .002), more laparotomies (68% vs. 38%, p , .0001), more preoperative comorbidities (6.7 vs. 3.5, p , .0001) and had a lower percentage of cases done by a high volume surgeon (58% vs. 67%, p = .047) ( Table 1) . Significantly higher postoperative complications were seen based on increasing number of scrub tech handoffs ($1 handoff: 60% vs. 50%, p = .021). No differences in case start time (AM vs. PM) or the number of handoffs were found between those patients who did and who did not have complications.
On initial multivariable logistic regression with all covariates, laparotomy, comorbidity count, and case length remained significantly associated with the occurrence of complication. Case length and scrub tech handoffs were found to be moderately correlated (r = .4), and therefore models stratified by time were constructed. Scrub tech handoffs were significantly associated with complications in surgical cases up to 120 minutes duration (OR: 2.12; 95% CI: 1.00-4.47) ( Table 3) .
Discussion
In this study, most surgical system variables, including anesthesia and nursing personnel changes, case order of the day, and case start time, were not associated with postoperative patient outcomes. Interestingly, for major gynecologic cases up to 2 hours in length, there was a significant relationship between handoffs among surgical scrub technicians and complications, a novel finding in surgical quality and safety research. Traditional risk factors of comorbidity, procedure type, and case length were the strongest primary drivers of complication rates.
As an exploratory analysis of secondary data, our finding regarding scrub tech handoffs is hypothesis generating and should be further studied. For the vast majority of cases, the surgical scrub tech would be the only member of the surgical team in direct contact with the operative field who is moving in and out of the operating room. In our data, the most common complications were infections. This may point to an etiology related to operative field sterilization during exchanges or to resterilization procedures upon return to the operating room. Team dynamics may also play a role in explaining this relationship. The introduction of a new team member to the core operating team may be fertile ground for communication errors or delays. These errors and/or delays, in turn, may lead to intraoperative variances that contribute to higher blood loss, mild organ compromise, or longer operating times. Each of these events can be associated with higher postoperative complication rates (Catanzarite et al., 2015) , making surgery team personnel changes a potential mediator of operative outcomes.
The paucity of studies investigating intraoperative personnel handoffs likely reflects a deficit in the current data available. Major, high quality, data sources such as the National Surgical Quality Improvement Program are incredibly detailed for capture of surgical complications and laboratory values, but do not contain granular information on the staffing details we investigate here. We feel these results support greater efforts into integrating key staffing information into studies of systemic variables and surgical outcomes.
Our study is limited by its singleinstitution data within a single surgical division. Importantly, the institution is an active participant in Surgical Care Improvement guidelines for antibiotic prophylaxis and venous thromboembolism prevention, making an ideal setting to measure factors beyond these metrics as potential causes of increased morbidity. As data from an academic institution, the involvement of surgical trainees may have impacted the effect of high volume surgeons in unmeasured ways. We do not have data on the movement of medical students in and out of the operative field. We do assume that movement of higher level trainees would be minimal given the structure of surgical training. Although we did conduct medical record review to resolve vague billing codes into appropriate comorbidity or postoperative complication status, we are limited by the accuracy of claims data, which is well documented. We are strengthened by our unique data set, in which we were able to merge detailed operative room records with comprehensive billings claim data, to capture both inpatient and outpatient events. By focusing on a relatively narrow set of procedures, we minimized the variability inherently associated with different surgeries and were able to account for minimally invasive The authors declare no conflicts of interest.
